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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce 
instantaneous maximum power of a time 
waveform of an OFDM signal. 
SOLUTION: A signal space arrangement 
assignment section 3 is provided with pluralities 
\ of kinds of signal space arrangements and sets 
properly signal space arrangements for each 
subcarrier. A subcarrier mapping section 2 uses a 
set signal space arrangement to apply mapping to 
a received digital data series. Thus, a phase of the 
subcarrier differs at each signal space 
arrangement. An IFFT 4 applies IFFT processing 
to the subcarrier signal to obtain an OFDM time 
waveform. Since the phase of the subcarrier 
differs at each signal space arrangement, 
instantaneous maximum power of the OFDM 
time waveform is reduced. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The mapping approach characterized by setting up and mapping one of two or 
more kinds of signal-space arrangement for every subcarrier of an OFDM signal to the 
inputted digital data sequence, and acquiring a subcarrier signal. 
[Claim 2] It is the mapping approach according to claim 1 characterized by said thing [ 
that signal-space arrangement of a class has two or more relation of a phase revolution 
mutually ]. 

[Claim 3] The mapping approach according to claim 2 characterized by the hand of cut 
and phase rotation of said signal-space arrangement being fixed in between [ which said 
OFDM signal adjoins ] subcarriers. 

[Claim 4] A signal-space arrangement quota means used for mapping of each subcarrier 
of an OFDM signal to have two or more kinds of signal-space arrangement as signal- 
space arrangement, and to set up one of two or more kinds of these signal-space 
arrangement for said every subcarrier, A mapping means to map the inputted digital data 
sequence using the signal-space arrangement set up by said signal-space arrangement 
quota means, OFDM signal-transmission equipment characterized by providing a 
conversion means to change the output of said mapping means into an OFDM time 
amount wave. 

[Claim 5] It is OFDM signal-transmission equipment according to claim 4 characterized 
by said thing [ that signal-space arrangement of a class has two or more relation of a 
phase revolution mutually ]. 

[Claim 6] OFDM signal-transmission equipment according to claim 5 characterized by 
the hand of cut and phase rotation of said signal-space arrangement being fixed in 
between [ which said OFDM signal adjoins ] subcarriers. 

[Claim 7] The demapping approach characterized by demapping the subcarrier signal 
mapped by the mapping approach according to claim 2 using the same signal-space 
arrangement after [ said ] more than one carry out a phase revolution according to the 
phase rotation between signal-space arrangement of a class. 

[Claim 8] The demapping approach characterized by restoring said subcarrier signal from 
said OFDM time amount wave, and demapping using the same signal-space arrangement 
after only said amount of time amount corresponding to [ two or more ] the period of a 
phase revolution of signal-space arrangement of a class shifts said OFDM time amount 
wave to the OFDM time amount wave acquired from the subcarrier signal mapped by the 
mapping approach according to claim 3. 

[Claim 9] The OFDM signal receiving set characterized by providing a demapping means 
to demap the output of said revolution means which carry out a phase revolution 
according to the phase rotation between signal-space arrangement of a class, and said 
revolution means using the same signal-space arrangement for the subcarrier signal 
mapped by the mapping approach according to claim 2. 

[Claim 10] The OFDM time amount wave acquired from the subcarrier signal mapped by 
the mapping approach according to claim 3 is inputted. A shift means by which only the 
amount of said time amount corresponding to [ two or more ] the period of a phase 
revolution of signal-space arrangement of a class carries out the time amount shift of said 



OFDM time amount wave, The OFDM signal receiving set characterized by providing an 
inverse transformation means to change the output of said shift means into a subcarrier 
signal, and a demapping means to demap the output of an inverse transformation means 
using the same signal-space arrangement. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the OFDM signal-transmission 
equipment, the OFDM signal receiving set, the mapping approach, and the demapping 
approach for reducing the instant maximum electric power of an OFDM signal, when 
transmitting a digital data sequence with an OFDM signal 
[0002] 

[Description of the Prior Art] In recent years, the high-speed wireless data 
telecommunication system in indoor or the outdoors is needed. Multi-pass interference by 
which the transmitted signal is received through various paths by the echo by a building 
etc. needs to be mitigated of the radio communications system which realizes high-speed 
data communication. 

[0003] If multi-pass interference arises, a receiving property will deteriorate greatly. 
Although an equalizer is generally used as a multi-pass-proof receiving method, it is 
large, and equipment magnitude is very disadvantageous to apply to a high-speed radio 
communications system in respect of a miniaturization and a low power, and is not 
realistic for it. 

[0004] Then, the radio communications system using the orthogonal frequency division 
multiplex (OFDM:OrthogonalFrequency Division Multiplexing) method as a cure against 
a multi-pass is examined. An OFDM method is a multi-carrier transmission system which 
intersects perpendicularly with each other and which stands a subcarrier at the minimum 
spacing and transmits information, and since it can ease greatly the effect of interference 
between symbols by the multi-pass, even if a multi-pass arises, it is a transmission system 
which can control degradation of a receiving property. 

[0005] Moreover, if an OFDM method is used, the transmission rate of each subcarrier 
can be reduced substantially and the strange recovery of a multi-carrier signal will be 
attained by batch processing (a high-speed inverse Fourier transform and fast Fourier 
transform) by digital signal processing. 

[0006] However, since an OFDM signal consists of subcarriers modulated by the 
mutually-independent data sequence in the broadband, it turns into gauss nature (normal 
distribution), so that the number of subcarriers of an OFDM signal time amount wave- 
amplitude property increases. For this reason, as compared with a single carrier 
transmission system, an OFDM transmission system has time amount wave-amplitude 
fluctuation and a large maximum amplitude value, and needs a broad dynamic range for a 
transmitter-receiver. Therefore, when the back off of transmitted power amplifier is set 
up small, the nonlinear distortion by power amplification will arise. If an OFDM signal 
receives nonlinear distortion, the orthogonality between subcarriers will collapse and a 
transmission characteristic will deteriorate rapidly. For this reason, especially the back 



off of transmitted power amplifier must be set up greatly, and it is obliged to the low 
increase in efficiency of transmitted power amplifier. 

[0007] Although application of the linear riser for operating the back off small is also 
considered, it is unsuitable for a miniaturization, low-power-izing, and low-cost-izing by 
buildup of equipment magnitude. 

[0008] The approach of controlling the mean power of a transmitting OFDM symbol as a 
solution of this problem according to the maximum instantaneous power which detected 
the maximum instantaneous power and was detected to every [ of an OFDM transmission 
system ] unit time amount wave (OFDM symbol) is examined. By this approach, the 
maximum instantaneous power of all symbols is fixed by normalizing the time amount 
wave of an OFDM symbol with the maximum instantaneous power. Since the maximum 
instantaneous power becomes fixed as all symbols, it becomes possible to reduce the 
amount of back off of transmitted power amplifier. 

[0009] However, while this approach can carry out efficient actuation of the transmitted 
power amplifier, it has the fault transmitted that the transmission quality changes for 
every OFDM symbol. 

[0010] Then, the approach of adding a redundant bit to the information bit sequence 
which constitutes an OFDM signal as other solutions is proposed. By this approach, the 
time amount wave of two or more OFDM symbols is generable to 1 data sequence by 
adding a redundant bit. And when the maximum instantaneous power chooses a small 
time amount wave and assigns the original information bit sequence out of all the 
combination of a time amount wave of an OFDM symbol, the maximum instantaneous 
power can be reduced. 

[001 1] However, in order to assign an information bit sequence to a time amount wave, 
the complicated logistic processing for having the combination table of transmit 
information and redundant information in a transmitting side and a receiving side, or 
searching for combination will be needed, and equipment magnitude will increase. 
Moreover, when an error arises as a receiving OFDM symbol, the information bit 
sequence corresponding to a receiving OFDM symbol may not exist in a table, and the 
whole receiving OFDM symbol may be mistaken. 

[0012] Furthermore, as other solutions, the subcarrier signal of OFDM is divided into two 
or more groups, and there is the approach of generating a time amount wave for every 
group. The time amount wave of the OFDM symbol generated for every group is 
simultaneously transmitted from two or more corresponding antennas. Since the number 
of subcarrier signals transmitted with one antenna decreases according to this approach, 
the maximum instantaneous power of a time amount wave transmitted with one antenna 
can be reduced. 

[0013] However, since two or more time amount wave generation means, two or more 
power amplifier, and two or more antennas are needed for a transmitter, equipment 
magnitude will become very large. 
[0014] 

[Problem(s) to be Solved by the Invention] Thus, conventionally, in order to operate 
transmitted power amplifier without extraordinarily large-scale equipment efficiently in 
OFDM transmission, the approach of normalizing the maximum amplitude of a time 
amount wave and transmitting for every OFDM symbol, might be adopted, but by this 
approach, since the transmission quality changed for every transmitting OFDM symbol, it 



was easy to produce a propagation error and there was a trouble of being unsuitable in the 
data transmission in which resending control is still more possible. Moreover, redundant 
information was added to the transmit information for every OFDM symbol, and 
although the approach of oppressing the maximum amplitude value of a time amount 
wave of an OFDM symbol might be adopted, while a transmitter-receiver will need to be 
equipped with the combination table of transmit information and redundant information 
and equipment magnitude will increase, when the sequence which does not exist in a 
table was received, by this approach, there was a trouble of having to stop having to 
discard all received-data sequences. Furthermore, by this approach, although the method 
of dividing an OFDM subcarrier into two or more groups, and processing it is also 
considered, since a transmitter needs two or more time amount wave generation means, 
two or more power amplifier, two or more antennas, etc., there is a problem that 
equipment magnitude increases remarkably. 

[0015] Without being made in order that this invention may solve such a trouble, and 
increasing equipment magnitude remarkably, the maximum instantaneous power of an 
OFDM time amount wave is reduced, and it aims at offering the OFDM signal- 
transmission equipment which can mitigate the transmission error at the time of data 
transmission, an OFDM signal receiving set, the mapping approach, and the demapping 
approach by raising transmitted mean power. 
[0016] 

[Means for Solving the Problem] The mapping approach concerning claim 1 of this 
invention is what sets up and maps one of two or more kinds of signal-space arrangement 
for every subcarrier of an OFDM signal to the inputted digital data sequence, and 
acquires a subcarrier signal. The OFDM signal-transmission equipment concerning claim 
4 of this invention A signal-space arrangement quota means used for mapping of each 
subcarrier of an OFDM signal to have two or more kinds of signal-space arrangement as 
signal-space arrangement, and to set up one of two or more kinds of these signal-space 
arrangement for said every subcarrier, A mapping means to map the inputted digital data 
sequence using the signal-space arrangement set up by said signal-space arrangement 
quota means, The demapping approach which possesses a conversion means to change 
the output of said mapping means into an OFDM time amount wave, and starts claim 7 of 
this invention The subcarrier signal mapped by the mapping approach according to claim 
2 After [ said ] more than one carried out the phase revolution according to the phase 
rotation between signal-space arrangement of a class, The demapping approach which 
demaps using the same signal-space arrangement and starts claim 8 of this invention As 
opposed to the OFDM time amount wave acquired from the subcarrier signal mapped by 
the mapping approach according to claim 3 After only the amount of said time amount 
corresponding to [ two or more ] the period of a phase revolution of signal-space 
arrangement of a class shifts said OFDM time amount wave, The OFDM signal receiving 
set which restores said subcarrier signal from said OFDM time amount wave, demaps 
using the same signal-space arrangement, and is applied to claim 9 of this invention The 
subcarrier signal mapped by the mapping approach according to claim 2 Said revolution 
means which carry out a phase revolution according to the phase rotation between signal- 
space arrangement of a class, The OFDM signal receiving set which possesses a 
demapping means to demap the output of said revolution means using the same signal- 
space arrangement, and is applied to claim 10 of this invention The OFDM time amount 



wave acquired from the subcarrier signal mapped by the mapping approach according to 
claim 3 is inputted. A shift means by which only the amount of said time amount 
corresponding to [ two or more ] the period of a phase revolution of signal-space 
arrangement of a class carries out the time amount shift of said OFDM time amount 
wave, An inverse transformation means to change the output of said shift means into a 
subcarrier signal, and a demapping means to demap the output of an inverse 
transformation means using the same signal-space arrangement are provided. 
[0017] In claim 1 of this invention, two or more kinds of signal-space arrangement is set 
up for every subcarrier, and mapping is performed. Thereby, the phase of the subcarrier 
signal generated stops being able to be in agreement easily. 

[0018] In claim 4 of this invention, a signal-space arrangement quota means sets up 
signal-space arrangement for every subcarrier out of two or more kinds of signal-space 
arrangement. A mapping means maps a digital data sequence using the set-up signal- 
space arrangement. The subcarrier signal which was mapped and was acquired is 
changed into an OFDM time amount wave by the conversion means. Since the phases of 
a subcarrier signal differ for every used signal-space arrangement, the instant maximum 
electric power of an OFDM time amount wave is reduced. 

[0019] In claim 7 of this invention, a phase revolution is carried out according to the 
phase rotation of signal-space arrangement to the subcarrier signal mapped using two or 
more kinds of signal-space arrangement which has the relation of a phase revolution 
before demapping. Thereby, each subcarrier signal will be in the same condition as what 
was mapped using the same signal-space arrangement. Next, demapping is performed 
using the same signal-space arrangement. 

[0020] In claim 8 of this invention, after an OFDM time amount wave is shifted, it is 
changed into a subcarrier signal. Only the amount of time amount corresponding to the 
period of a phase revolution of signal-space arrangement of a shift amount is performed, 
and the acquired subcarrier signal will be in the same condition as what was mapped 
using the same signal-space arrangement. Next, demapping is performed using the same 
signal-space arrangement. 

[0021] In claim 9 of this invention, a revolution means carries out the phase revolution of 
the subcarrier signal according to the phase rotation between signal-space arrangement. 
Thereby, a subcarrier signal will be in the same condition as what was mapped using the 
same signal-space arrangement. A demapping means demaps a subcarrier signal using the 
same signal-space arrangement. 

[0022] In claim 10 of this invention, an OFDM time amount wave is returned to a 
subcarrier signal by the inverse transformation means, after the time amount shift only of 
the amount of time amount corresponding to the period of a phase revolution of signal- 
space arrangement is carried out by the shift means. Thereby, the output of an inverse 
transformation means will be in the same condition as what was mapped using the same 
signal-space arrangement. In this way, a demapping means demaps using the same 
signal-space arrangement. 
[0023] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained to a detail with reference to a drawing. Drawing 1 is the block diagram 
showing the gestalt of 1 operation of the wafer scanner of the OFDM signal concerning 
this invention. Although the gestalten of this operation are effectively applicable even if 



they are any of a cable or wireless, they show the example applied to the transmission 
system by wireless. 

[0024] In drawing 1 , a digital data sequence is supplied to the mapping section 1 . The 
mapping section 1 maps the inputted digital data sequence as the symbol for example, on 
IQ (two-dimensional) flat surface. In the gestalt of this operation, the mapping section 1 
performs mapping using two or more signal-space arrangement from which arrangement 
of a symbol differs. 

[0025] The mapping section 1 is constituted by the subcarrier mapping section 2 and the 
signal-space arrangement quota section 3. The signal-space arrangement quota section 3 
is equipped with two or more kinds of signal-space arrangement, is a random or 
predetermined regulation and sets up with a change each signal-space arrangement used 
for mapping for every subcarrier. The subcarrier mapping section 2 maps an input digital 
data sequence using the signal-space arrangement set up in the signal-space arrangement 
quota section 3 for every subcarrier of an OFDM signal. 

[0026] A signal point is assigned by the mapping section 1 for every subcarrier of an 
OFDM signal, and the mapping section 1 supplies the value of the assigned signal point 
to the high-speed inverse Fourier transform circuit (henceforth IFFT) 4 as a subcarrier 
signal. IFFT4 carries out high-speed inverse Fourier transform processing of the n 
inputted subcarrier signals, changes them into the complex baseband time amount wave 
(OFDM time amount wave) of an OFDM symbol, and is outputted to the transmitting 
processing section 5. 

[0027] By performing transmitting processing of guard section attached processing for 
absorbing the delay wave component by D/A transform processing and the multi-pass, 
magnification processing of a sending signal, frequency-conversion processing, etc. to 
the generated complex baseband time amount wave, the transmitting processing section 5 
generates a sending signal, and supplies it to an antenna 6. An antenna 6 emits a sending 
signal. 

[0028] Amplitude fluctuation and a maximum amplitude value change with each 
subcarrier signals into which the complex baseband time amount wave of the OFDM 
symbol from IFFT4 is inputted. If it puts in another way, the time amount wave- 
amplitude range of fluctuation of an OFDM symbol is controllable by setting up suitably 
the complex level of each subcarrier signal inputted into IFFT4. 
[0029] In the gestalt of this operation, the signal-space arrangement used for mapping is 
switched from this reason. In addition, if the signal-space arrangement used for every 
subcarrier is clear, the original digital data sequence can be restored in a receiving side. 
' [0030] Drawing 2 is an explanatory view for explaining the signal-space arrangement 
which the signal-space arrangement quota section 3 in drawing 1 sets up. Drawing 2 (A) 
shows signal-space arrangement, and drawing 2 (B) shows setting out of the signal-space 
arrangement for every subcarrier. 

[0031] Drawing 2 (A) shows three kinds of signal-space arrangement a, b, and c. The 
phase on I and Q flat surface arranges four signal points in the location of pi / 4 and 3pi / 
4 and 5pi / the same amplitude of 7pi [ 4 and ]/4 [rad], and the signal-space arrangement 
a is signal-space arrangement of QPSK. Moreover, the signal-space arrangement b 
arranges two signal points in the location of pi / phase of 3pi [ 2 and ]/2 [rad], i.e., 
forward [ on a Q-axis ], and the same negative amplitude, and the signal-space 
arrangement c arranges two signal points in the location of the phase of pi and 2pi [rad], 



i.e., forward [ on an I-axis ], and the same negative amplitude. These signal-space 
arrangement b and c is signal-space arrangement of BPSK. 

[0032] The signal-space arrangement b and c has mutually the relation which carried out 
the phase revolution only pi/2. The signal-space arrangement a can assign a 2-bit digital 
data sequence to each signal point, and the signal-space arrangement b and c can all 
assign a 1-bit digital data sequence to each signal point. 

[0033] Drawing 2 (B) shows the assignment of signal-space arrangement to each 
subcarrier. n subcarriers fl Or fh **** « respectively — the signal-space arrangement a, 
b, and b and — it is shown that c, a, and c are assigned. Assignment of signal-space 
arrangement may perform regular assignment like random and periodic assignment like 
drawing 2 (B). 

[0034] The signal-space arrangement a, b, and c of drawing 2 is arranged with the phase 
from which each signal point differs mutually. Therefore, when mapped using the signal- 
space arrangement a, b, and c, the phases between each subcarrier signal differ for every 
signal-space arrangement. 

[0035] Next, actuation of the gestalt of the operation constituted in this way is explained. 
[0036] The inputted digital data sequence is supplied to the subcarrier mapping section 2 
of the mapping section 1 . Now, it is the subcarrier fl of drawing 2 (B) at predetermined 
timing. Receiving mapping shall be performed. The signal-space arrangement quota 
section 3 is this subcarrier fl . The information for setting up the signal-space 
arrangement a to corresponding timing is outputted to the subcarrier mapping section 2. 
Thereby, the subcarrier mapping section 2 maps the 2-bit digital data sequence of the 
inputted predetermined timing at the signal point that the signal-space arrangement a 
corresponds. 

[0037] The signal-space arrangement quota section 3 sets up the signal-space 
arrangement b of drawing 2 (A) to the 1-bit digital data sequence as follows. Thereby, the 
subcarrier mapping section 2 maps this 1-bit digital data sequence at the signal point that 
the signal-space arrangement b corresponds, and is a subcarrier f2. It outputs as a 
subcarrier signal. 

[0038] Henceforth, the same actuation is repeated and signal point mapping using the 
signal-space arrangement which the signal-space arrangement quota section 3 set up is 
performed. The subcarrier fl thru/or fn shown in drawing 2 (B) Each corresponding 
subcarrier signal is supplied to IFFT4. IFFT4 performs high-speed inverse Fourier 
transform processing to n subcarrier signals, and acquires the complex baseband time 
amount wave of an OFDM symbol. 

[0039] Also when the instant maximum electric power of an OFDM time amount wave 
serves as max when all the subcarrier signals that constitute an OFDM time amount wave 
become in phase, and many subcarrier signals become in phase, instant maximum electric 
power becomes very large. On the other hand, the signal-space arrangement a, b, and c 
used for mapping is the subcarriers fl which constitute an OFDM time amount wave 
since the phases of a signal point differ mutually. Or fn No phase of subcarrier signals is 
in agreement. Therefore, possibility that each subcarrier component of an OFDM time 
amount wave obtained by IFFT processing will become in phase altogether at this time of 
day decreases, and it becomes possible to reduce the instant maximum electric power of 
an OFDM time amount wave. 

[0040] The OFDM time amount wave from IFFT4 is transmitted from an antenna 6, after 



transmitting processing of guard section attached processing for absorbing the delay 
wave component by D/A transform processing and the multi-pass by the transmitting 
processing section 5, magnification processing of a sending signal, frequency-conversion 
processing, etc. is performed. 

[0041] Thus, in the gestalt of this operation, it is mapping by switching signal-space 
arrangement for every subcarrier, and the maximum instantaneous power of an OFDM 
time amount wave is remarkably reduced as compared with the case where all subcarrier 
signals are mapped by the same signal-space arrangement. Since all the phases of a signal 
point differ when signal-space arrangement of drawing 2 (A) is adopted especially, the 
phases of each subcarrier signal differ for every signal-space arrangement, possibility that 
each subcarrier component of an OFDM time amount wave will become in phase at this 
time of day decreases extremely, and the reduction effectiveness of maximum amplitude 
is large. Thereby, without increasing equipment magnitude remarkably, the maximum 
instantaneous power of an OFDM time amount wave is reduced, and it becomes possible 
by raising transmitted mean power to mitigate the transmission error at the time of data 
transmission. 

[0042] In addition, it may be [ the mapping rule which matches each signal point and 
digital data sequence of signal-space arrangement ] the same between [ each ] signal- 
space arrangement, and there may be two or more kinds between [ each ] signal-space 
arrangement. 

[0043] Drawing 3 is an explanatory view for explaining the mapping approach 
concerning the gestalt of 1 operation of this invention. Drawing 3 (A) shows the signal- 
space arrangement adopted as mapping, and drawing 3 (B) shows setting out of the 
signal-space arrangement for every subcarrier. 

[0044] Drawing 3 (A) shows two kinds of signal-space arrangement a and d. The signal- 
space arrangement a is signal-space arrangement of QPSK as well as the signal-space 
arrangement a of drawing 2 (A). The signal-space arrangement d rotates [ include angle / 
phi ] the signal-space arrangement a. 

[0045] Next, an operation of the mapping approach constituted in this way is explained. 
[0046] The mapping approach of the gestalt this operation is realizable with the mapping 
section 1 of drawing 1 . Also in the gestalt of this operation, the signal-space arrangement 
a and d is suitably chosen for every subcarrier, and the digital data sequence of 2 bitwises 
is mapped at the signal point of the signal-space arrangement a and d. In this way, the 
high-speed inverse Fourier transform of the n mapped subcarrier signals is carried out, 
and an OFDM time amount wave is acquired. 

[0047] As for each signal points of all, the phase of the subcarrier signal generated using 
the signal-space arrangement a since the phase was mutually different, and the phase of 
signal-space arrangement a and d of a subcarrier signal generated using the signal-space 
arrangement b do not correspond. 

[0048] Thus, also in the gestalt of this operation, signal-space arrangement is suitably set 
up for every subcarrier at the time of mapping of an OFDM signal. Signal-space 
arrangement has mutually the relation which carried out the phase revolution, and since 
the phases of the subcarrier signal generated differ for every signal-space arrangement, 
the instant maximum electric power of an OFDM time amount wave can be reduced. 
[0049] Drawing 4 is the block diagram showing the gestalt of other operations of this 
invention. In drawing 4 , the same sign is given to the same component as drawing 1 , 



and explanation is omitted. 

[0050] In the gestalt of operation of drawing 3 , the prepared signal-space arrangement 
had the relation of a phase revolution mutually. Mapping by such signal-space 
arrangement is realizable from the mapping section 1 with the mapping section of an easy 
configuration using carrying out the phase revolution, although it is realizable with the 
mapping section 1 of drawing 1 . The gestalt of this operation is the example which 
adopted the mapping section of such an easy configuration. 

[0051] A digital data sequence is inputted into the mapping section 11. The mapping 
section 1 1 is constituted by the subcarrier mapping section 12 and the phase revolution 
section 13. Predetermined signal-space arrangement is used for the subcarrier mapping 
section 12, it carries out sequential mapping of the inputted digital data sequence, and 
outputs a subcarrier signal. That is, one kind of signal-space arrangement is used for the 
subcarrier mapping section 12. 

[0052] The output of the subcarrier mapping section 12 is supplied to the phase 
revolution section 13. The phase revolution section 13 outputs the inputted subcarrier 
signal as it is, or only phi carries out a phase revolution and it outputs it as a subcarrier 
signal. 

[0053] Drawing 5 is the block diagram showing the concrete configuration of the phase 
revolution section 1 3 in drawing 4 . 

[0054] The phase revolution section 13 is constituted by the revolution signal generation 
section 9 and the multiplier 10. The revolution signal generation section 9 generates a 
revolution signal (jthetai of e **) ( drawing 3 (A) thetai =phi), and outputs it to a 
multiplier 10. The output of the subcarrier mapping section 12 is given to the multiplier 
10, and a multiplier 10 makes it rotate the inputted subcarrier signal by carrying out the 
multiplication of the output and revolution signal of the subcarrier mapping section 12. A 
multiplier 10 is outputted to IFFT4 by making a multiplication result into a subcarrier 
signal. 

[0055] Other configurations are the same as that of the gestalt of operation of drawing 1 . 
[0056] Next, actuation of the gestalt of the operation constituted in this way is explained. 
[0057] As signal-space arrangement, the signal-space arrangement a and d shown in 
drawing 3 (A) shall be adopted, and signal-space arrangement shown in drawing 3 (B) 
shall be set up. The inputted digital data sequence is supplied to the subcarrier mapping 
section 12 of the mapping section 1 . Now, it is the subcarrier fl of drawing 3 (B) at 
predetermined timing. Receiving mapping shall be performed. The subcarrier mapping 
section 12 maps the inputted 2-bit digital data sequence at the signal point of the signal- 
space arrangement a of drawing 3 (A). In this case, the output of the subcarrier mapping 
section 12 is supplied to IFFT4 as it is through the phase revolution section 13. 
[0058] Next, after the 2-bit digital data sequence inputted into the subcarrier mapping 
section 12 is mapped by the signal point of the signal-space arrangement a of drawing 3 
(A), it is supplied to the phase revolution section 13 by the subcarrier mapping section 
12. 

[0059] The revolution signal generation section 9 of the phase revolution section 13 
generates a revolution signal, and supplies it to the multiplier 10. A multiplier 10 carries 
out the multiplication of the output and revolution signal of the subcarrier mapping 
section 12. Thereby, the output of the subcarrier mapping section 12 rotates only an 
include angle phi, and is outputted to IFFT4 from the phase revolution section 13. 



[0060] Next, the output of the subcarrier mapping section 12 rotates only an include 
angle phi in the phase revolution section 13 also about the inputted 2-bit digital data 
sequence. Similarly hereafter, as shown in drawing 3 (b), the subcarrier signal by which 
the existence of a phase revolution was controlled for every subcarrier is acquired. 
[0061] Other operations are the same as that of the gestalt of operation of drawing 1 . 
[0062] Thus, also in the gestalt of this operation, the same effectiveness as the gestalt of 
operation of drawing 1 can be acquired. Furthermore, in the gestalt of this operation, 
since the mapping section 1 1 does not need to prepare two or more signal-space 
arrangement unlike the gestalt of operation of drawing 1 and each subcarrier signal can 
be mapped using single signal-space arrangement, there is an advantage that an 
equipment configuration can be made easy compared with the equipment of drawing 1 . 
[0063] In addition, although drawing 3 explained the example which adopted the signal- 
space arrangement which is two kinds whose phase rotations are 0 or phi, it is distinct by 
preparing various phase rotations and adopting many kinds of signal-space arrangement 
that the reduction effectiveness of the instant maximum electric power of an OFDM time 
amount wave improves further. 

[0064] For example, when the gestalt of operation of drawing 4 is made to correspond to 
drawing 3 , it is phase rotation thetai of the revolution signal generation section 9 of 
drawing 5 . It is fixed. On the other hand, the revolution signal of the revolution signal 
generation section 9 may be changed for every subcarrier. A phase rotation is changed for 
every subcarrier and it is the i-th subcarrier signal fi. It is thetai about a phase rotation. It 
can carry out. Thereby still finer control is attained. 

[0065] In addition, if this expression approach is made to correspond to drawing 3 , they 
are the phase rotation theta 1, — , thetan-2, and thetan. It is 0 and is the phase rotation 
theta 2, theta 3, --, thetan- 1 . It is phi. 

[0066] Drawing 6 is the explanatory view showing the gestalt of other operations of this 
invention. 

[0067] Drawing 6 (A) shows the signal-space arrangement adopted in the mapping 
approach in the gestalt of this operation, and drawing 6 (B) shows setting out of the 
signal-space arrangement for every subcarrier. Drawing 6 (A) is four kinds of signal- 
space arrangement CI, C2, C3, and CO. It is shown. Signal-space arrangement CI It is 
signal-space arrangement of QPSK as well as the signal-space arrangement a of drawing 
2 (A). The signal-space arrangement C2, C3, and CO They are the signal-space 
arrangement CI, C2, and C3, respectively. Only an include angle phi is rotated in the 
same direction. In addition, drawing 6 (A) shows the example of phi=pi/8. In this case, 
signal-space arrangement CO When it is made to rotate pi/8 further, it is the signal-space 
arrangement CI . It is in agreement. 

[0068] Next, an operation of the mapping approach constituted in this way is explained. 
[0069] The mapping approach of the gestalt this operation is realizable with the mapping 
section 1 1 of drawing 4 . It also sets in the gestalt of this operation and they are the 
signal-space arrangement CI, C2, C3, and CO for every subcarrier. It chooses suitably 
and the digital data sequence of 2 bitwises is mapped as the symbol of these signal-space 
arrangement. In this way, the high-speed inverse Fourier transform of the n mapped 
subcarrier signals is carried out, and an OFDM time amount wave is acquired. 
[0070] The signal-space arrangement CI, C2, C3, and CO The phase is rotating every [ 8 / 
pi/] in this order, respectively, and, as for all of each symbol of these signal-space 



arrangement, the phase is mutually different. Therefore, the signal-space arrangement CI, 
C2, C3, and CO The phase of the subcarrier signal used and generated is not in 
agreement. 

[0071] Thus, also in the gestalt of this operation, signal-space arrangement is suitably set 
up for every subcarrier at the time of mapping of an OFDM signal. Signal-space 
arrangement has mutually the relation which carried out the phase revolution, and since 
the phases of the subcarrier signal generated differ for every signal-space arrangement, 
the instant maximum electric power of an OFDM time amount wave can be reduced. 
[0072] And for example, they are the signal-space arrangement CI, C2, C3, and CO to the 
subcarrier which continues in the gestalt of this operation. It maps by carrying out 
sequential setting out at this order. That is, signal-space arrangement is set to an adjoining 
subcarrier so that the phase contrast and the phase hand of cut of signal-space 
arrangement may become fixed. 

[0073] Drawing 6 (B) shows this condition, it is shown in drawing 6 (B) — as — 
subcarrier fl **** signal-space arrangement CI used mapping - carrying out - the 
following subcarrier f2 **** -- signal-space arrangement C2 Used mapping is performed, 
the same ~ carrying out — subcarriers f3 and f4 **** — respectively — the signal-space 
arrangement C3 and CO used mapping — carrying out - the following subcarrier f5 
receiving - again — signal-space arrangement CI It uses. 
[0074] Thus, the i-th subcarrier fi By receiving and assigning the signal-space 
arrangement Cmod (i, 4), it can set up so that the adjoining phase contrast and the 
adjoining phase hand of cut of signal-space arrangement of a subcarrier may become 
fixed. However, mod (x y) is a function showing the remainder of x to y. 
[0075] Therefore, in the mapping section, when the mapping approach in the gestalt of 
this operation is adopted, the configuration of equipment can be made easy that what is 
necessary is just to rotate signal-space arrangement so that the same phase contrast and a 
phase hand of cut may be given. Furthermore, when signal-space arrangement is 
controlled for every subcarrier, a receiving side needs to grasp what kind of signal-space 
arrangement was used at the time of transmission. However, signal-space arrangement 
can be demapped in the example of drawing 6 , without [ since it changes to the same 
phase and the same hand of cut to what was used for the adjoining subcarrier, without it 
transmits the information about signal-space arrangement that it used for every 
subcarrier, and ] memorizing the information about signal-space arrangement beforehand 
in a receiving side. 

[0076] By the way, the signal-space arrangement CI which the phase rotated every [ 8 / 
pi/] in drawing 6 , C2, C3, and CO Although used, in between [ each ] signal-space 
arrangement, the mapping rule which assigns a digital data sequence to a signal point 
may be the same, and may differ. 

[0077] For example, the mapping rule of an adjoining subcarrier shall rotate every [ 8 / 
pi/] in the hand of cut and this direction of signal-space arrangement. Although signal- 
space arrangement of the i-th subcarrier and signal-space arrangement of a ** (i+4n) (n is 
integer) subcarrier will become the same if it does so, the mapping rule of signal-space 
arrangement of a ** (i+4) subcarrier rotated the mapping rule of signal-space 
arrangement of the i-th subcarrier pi/2. 

[0078] If this mapping rule is used, the mapping rule of signal-space arrangement of the 
i-th subcarrier and a ** (i+16n) subcarrier will become equal. 



[0079] By such mapping approach, all subcarriers can generate the i-th subcarrier signal 
by rotating the signal which was mapped with the same signal-space arrangement and a 
mapping rule, and was once mapped pii/8. 

[0080] Therefore, since the revolution signal which the revolution signal generation 
section 9 in drawing 5 generates is set to pii/8, setting out of the revolution signal of the 
revolution signal generation section becomes easy. [0081] Thus, it can demap in the 
gestalt of this operation, without [ since the phase contrast and the hand of cut of signal- 
space arrangement are fixed between adjoining subcarriers while being able to acquire 
the same effectiveness as the gestalt of operation of drawing 1 , without it transmits the 
information about signal-space arrangement, and ] memorizing the information about 
signal-space arrangement by the receiving side. And since phase contrast and the hand of 
cut are fixed, the signal-space arrangement to set up can make equipment easy. 
[0082] Drawing 7 is the block diagram showing the gestalt of other operations of this 
invention. The gestalt of this operation shows the OFDM receiving set which returns the 
signal which was mapped by the mapping approach of drawing 3 or drawing 6 , and was 
changed into the OFDM time amount wave to the original digital data sequence. 
[0083] The OFDM time amount wave received with the antenna 21 is supplied to the 
reception section 22. The reception section 22 performs predetermined receptions, such 
as frequency-conversion processing and A/D-conversion processing, to the inputted 
OFDM time amount wave. The OFDM time amount wave has the guard section other 
than the effective symbol section. The reception section 22 sets up the section (usually 
effective symbol section) supplied to the fast-Fourier-transform section (henceforth FFT) 
23 among the received OFDM time amount waves. 

[0084] FFT23 carries out the fast Fourier transform of the OFDM time amount wave of 
the section set up in the reception section 22, and generates a receiving subcarrier signal. 
The output of FFT23 is given to the demapping section 24. 
[0085] The demapping section 24 is constituted by the revolution signal generation 
section 25, a multiplier 26, and the subcarrier demapping section 27. The revolution 
signal generation section 25 generates ** (- jthetai) of the revolution signal e for giving 
the phase revolution according to the phase revolution between the subcarriers in a 
transmitting side, and supplies it to a multiplier 16. 

[0086] A multiplier 16 carries out the phase revolution of the subcarrier signal inputted 
by carrying out the multiplication of a subcarrier signal and the revolution signal, is 
changed by this into the same condition as the case where each subcarrier signal is 
mapped using the same signal-space arrangement, and is outputted to the subcarrier 
demapping section 27. The subcarrier demapping section 27 demaps the inputted 
subcarrier signal using the same signal-space arrangement, and acquires the original 
digital data sequence. 

[0087] Next, actuation of the gestalt of the operation constituted in this way is explained. 
[0088] Predetermined receptions, such as frequency conversion processing and A/D- 
conversion processing, are performed by the reception section 22, and, as for the OFDM 
time amount wave received with the antenna 21, the signal of the effective symbol 
section is further supplied to FFT23. FFT23 carries out the fast Fourier transform of the 
inputted signal, and acquires a subcarrier signal. 

[0089] When it maps in a transmitting side like the gestalt of operation of drawing 3 or 
drawing 6 using two or more signal-space arrangement which has the relation of a phase 



revolution mutually, each receiving subcarrier signal after a fast Fourier transform can be 
changed into the condition are mapped by the same signal-space arrangement when only 
the same phase rotation carries out a phase revolution due to phase reverse, and the same 
condition, with the relation at the time of transmission. 

[0090] namely, the signal-space arrangement set as each subcarrier in the transmitting 
side - thetai only — the case where it is rotating — the subcarrier signal after a fast 
Fourier transform -thetai only, by making it rotate, it can change into the condition of 
having mapped using the same signal-space arrangement. 

[0091] The revolution signal generation section 25 outputs the revolution signal for 
giving the revolution of signal-space arrangement of a transmitting side, and a revolution 
of hard flow. By carrying out the multiplication of the revolution signal to a subcarrier 
signal from FFT23, a multiplier is changed into the condition of having mapped using the 
same signal-space arrangement. The subcarrier demapping section 27 demaps the output 
of a multiplier 16, and acquires the original digital data sequence. 
[0092] Thus, in the gestalt of this operation, in the transmitting side, when mapping is 
performed using two or more signal-space arrangement which has the relation of a phase 
revolution mutually, it makes it possible to demap all receiving subcarrier signals using 
the same signal-space arrangement by carrying out the phase revolution of the subcarrier 
signal which received and obtained only the phase rotation of the signal-space 
arrangement used by the transmitting side beforehand in an opposite direction. Thereby, 
it is not necessary to memorize the signal-space arrangement used by the transmitting 
side, and the configuration of equipment can be made easy in a receiving side. 
[0093] In addition, when a transmitting side adopts the mapping approach of drawing 6 , 
the revolution signal generation section 25 of output [ only the phase rotation at the time 
of mapping / to an opposite direction / the revolution signal which carries out a phase 
revolution ] is clear. 

[0094] Drawing 8 is the block diagram showing the gestalt of other operations of this 
invention. In drawing 8 , the same sign is given to the same component as drawing 7 , 
and explanation is omitted. 

[0095] The gestalt of this operation shows the OFDM receiving set which returns the 
signal which was mapped by the mapping approach of drawing 6 and changed into the 
OFDM time amount wave to the original digital data sequence. 
[0096] The gestalt of this operation is replaced with the demapping section 24, and the 
point which adopted the demapping section 28 differs from the gestalt of operation of 
drawing 7 . The demapping section 28 is constituted by the FFT section shift section 29 
and the subcarrier demapping section 27. 

[0097] An OFDM time amount wave is supplied from the reception section 22, and the 
FFT section shift section 29 shifts a subcarrier signal within the limits of the guard 
section, and is supplied to FFT23. The output of FFT23 is supplied to the subcarrier 
demapping section 27. 

[0098] The guard section is added to the OFDM time amount wave. The guard section 
copies the head part of an OFDM time amount wave, and an OFDM time amount wave 
has a continuity in the effective section and the guard section. Therefore, when the time 
amount shift of the fast-Fourier-transform section (FFT section) is carried out within the 
section of this effective section and the guard section, a fast-Fourier-transform result 
becomes what carried out the phase revolution according to the shift amount. 
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[0099] That is, the FFT section shift section 29 enables demapping by the same signal- 
space arrangement, when only the amount of time amount corresponding to the period of 
a phase revolution of a subcarrier signal shifts the Fourier transform section of an OFDM 
time amount wave beforehand. Specifically, only the amount of time amount from which 
the FFT section shift section 29 is obtained as the inverse number of {(subcarrier number 
until signal-space arrangement of a subcarrier rotates one time) x subcarrier spacing} 
shifts an OFDM time amount wave. 

[0100] Next, actuation of the gestalt of the operation constituted in this way is explained. 
[0101] The OFDM time amount wave received by the antenna 21 is supplied to FFT23, 
after the section which carries out a fast Fourier transform by the FFT section shift 
section 29 is shifted, the phase revolution period of a now and subcarrier signal — fr if it 
shall be [Hz] - the FFT section shift section 29 - 1/fr only « the FFT section of an 
OFDM time amount wave is shifted. 

[0102] For example, frequency spacing of a subcarrier signal is set to deltaf, and the 
phase rotation between subcarriers is set to phi [rad]. If it does so, it is the phase 
revolution period fr between subcarriers. It becomes fr =2 pideltaf/phi. Therefore, the 
FFT section shift section 29 shifts an OFDM time amount wave only for phi/2 pideltaf in 
this case. Like drawing 6 , when phi is pi/8, only l/16deltaf shift an OFDM time amount 
wave, and supply the FFT section shift section 29 to FFT23. 

[0103] If it does so, the output of FFT23 will become that to which the phase rotated only 
pik / 8 by the subcarrier of a frequency kdeltaf as compared with the case where it is not 
made to shift. The output of FFT23 is supplied and demapped into the subcarrier 
demapping section 27. Since the FFT section is shifted according to the phase rotation at 
the time of transmission, the output of FFT23 becomes the same thing as the condition of 
having been mapped using the same signal-space arrangement. Thereby, demapping 
which used the same signal-space arrangement is possible for the subcarrier demapping 
section 27. 

[0104] Thus, in the gestalt of this operation, when each of signal-space arrangement used 
for the adjoining subcarrier and mapping rules rotates only a fixed phase rotation in the 
fixed direction, and only the amount of time amount obtained as the inverse number of 
the period of a phase revolution shifts the Fourier transform section of a receiving OFDM 
time amount wave beforehand, demapping of all subcarrier signals is attained using the 
same signal-space arrangement, and an equipment configuration becomes easy. 
[0105] 

[Effect of the Invention] Without increasing equipment magnitude remarkably according 
to this invention, as explained above, the maximum instantaneous power of an OFDM 
time amount wave is reduced, and it has the effectiveness that the transmission error at 
the time of data transmission is mitigable, by raising transmitted mean power. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the OFDM signal-transmission 
equipment, the OFDM signal receiving set, the mapping approach, and the demapping 
approach for reducing the instant maximum electric power of an OFDM signal, when 
transmitting a digital data sequence with an OFDM signal. 



PRIOR ART 



[Description of the Prior Art] In recent years, the high-speed wireless data 
telecommunication system in indoor or the outdoors is needed. Multi-pass interference by 
which the transmitted signal is received through various paths by the echo by a building 
etc. needs to be mitigated of the radio communications system which realizes high-speed 
data communication. 

[0003] If multi-pass interference arises, a receiving property will deteriorate greatly. 
Although an equalizer is generally used as a multi-pass-proof receiving method, it is 
large, and equipment magnitude is very disadvantageous to apply to a high-speed radio 
communications system in respect of a miniaturization and a low power, and is not 
realistic for it. 

[0004] Then, the radio communications system using the orthogonal frequency division 
multiplex (OFDM:OrthogonalFrequency Division Multiplexing) method as a cure against 
a multi-pass is examined. An OFDM method is a multi-carrier transmission system which 
intersects perpendicularly with each other and which stands a subcarrier at the minimum 
spacing and transmits information, and since it can ease greatly the effect of interference 
between symbols by the multi-pass, even if a multi-pass arises, it is a transmission system 
which can control degradation of a receiving property. 

[0005] Moreover, if an OFDM method is used, the transmission rate of each subcarrier 
can be reduced substantially and the strange recovery of a multi-carrier signal will be 
attained by batch processing (a high-speed inverse Fourier transform and fast Fourier 
transform) by digital signal processing. 

[0006] However, since an OFDM signal consists of subcarriers modulated by the 
mutually-independent data sequence in the broadband, it turns into gauss nature (normal 
distribution), so that the number of subcarriers of an OFDM signal time amount wave- 
amplitude property increases. For this reason, as compared with a single carrier 
transmission system, an OFDM transmission system has time amount wave-amplitude 
fluctuation and a large maximum amplitude value, and needs a broad dynamic range for a 
transmitter-receiver. Therefore, when the back off of transmitted power amplifier is set 
up small, the nonlinear distortion by power amplification will arise. If an OFDM signal 
receives nonlinear distortion, the orthogonality between subcarriers will collapse and a 
transmission characteristic will deteriorate rapidly. For this reason, especially the back 
off of transmitted power amplifier must be set up greatly, and it is obliged to the low 
increase in efficiency of transmitted power amplifier. 



[0007] Although application of the linear riser for operating the back off small is also 
considered, it is unsuitable for a miniaturization, low-power-izing, and low-cost-izing by 
buildup of equipment magnitude. 

[0008] The approach of controlling the mean power of a transmitting OFDM symbol as a 
solution of this problem according to the maximum instantaneous power which detected 
the maximum instantaneous power and was detected to every [ of an OFDM transmission 
system ] unit time amount wave (OFDM symbol) is examined. By this approach, the 
maximum instantaneous power of all symbols is fixed by normalizing the time amount 
wave of an OFDM symbol with the maximum instantaneous power. Since the maximum 
instantaneous power becomes fixed as all symbols, it becomes possible to reduce the 
amount of back off of transmitted power amplifier. 

[0009] However, while this approach can carry out efficient actuation of the transmitted 
power amplifier, it has the fault transmitted that the transmission quality changes for 
every OFDM symbol. 

[0010] Then, the approach of adding a redundant bit to the information bit sequence 
which constitutes an OFDM signal as other solutions is proposed. By this approach, the 
time amount wave of two or more OFDM symbols is generable to 1 data sequence by 
adding a redundant bit. And when the maximum instantaneous power chooses a small 
time amount wave and assigns the original information bit sequence out of all the 
combination of a time amount wave of an OFDM symbol, the maximum instantaneous 
power can be reduced. 

[001 1] However, in order to assign an information bit sequence to a time amount wave, 
the complicated logistic processing for having the combination table of transmit 
information and redundant information in a transmitting side and a receiving side, or 
searching for combination will be needed, and equipment magnitude will increase. 
Moreover, when an error arises as a receiving OFDM symbol, the information bit 
sequence corresponding to a receiving OFDM symbol may not exist in a table, and the 
whole receiving OFDM symbol may be mistaken. 

[0012] Furthermore, as other solutions, the subcarrier signal of OFDM is divided into two 
or more groups, and there is the approach of generating a time amount wave for every 
group. The time amount wave of the OFDM symbol generated for every group is 
simultaneously transmitted from two or more corresponding antennas. Since the number 
of subcarrier signals transmitted with one antenna decreases according to this approach, 
the maximum instantaneous power of a time amount wave transmitted with one antenna 
can be reduced. 

[0013] However, since two or more time amount wave generation means, two or more 
power amplifier, and two or more antennas are needed for a transmitter, equipment 
magnitude will become very large. 



EFFECT OF THE INVENTION 



[Effect of the Invention] Without increasing equipment magnitude remarkably according 
to this invention, as explained above, the maximum instantaneous power of an OFDM 
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time amount wave is reduced, and it has the effectiveness that the transmission error at 
the time of data transmission is mitigable, by raising transmitted mean power. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Thus, conventionally, in order to operate 
transmitted power amplifier without extraordinarily large-scale equipment efficiently in 
OFDM transmission, the approach of normalizing the maximum amplitude of a time 
amount wave and transmitting for every OFDM symbol, might be adopted, but by this 
approach, since the transmission quality changed for every transmitting OFDM symbol, it 
was easy to produce a propagation error and there was a trouble of being unsuitable in the 
data transmission in which resending control is still more possible. Moreover, redundant 
information was added to the transmit information for every OFDM symbol, and 
although the approach of oppressing the maximum amplitude value of a time amount 
wave of an OFDM symbol might be adopted, while a transmitter-receiver will need to be 
equipped with the combination table of transmit information and redundant information 
and equipment magnitude will increase, when the sequence which does not exist in a 
table was received, by this approach, there was a trouble of having to stop having to 
discard all received-data sequences. Furthermore, by this approach, although the method 
of dividing an OFDM subcarrier into two or more groups, and processing it is also 
considered, since a transmitter needs two or more time amount wave generation means, 
two or more power amplifier, two or more antennas, etc., there is a problem that 
equipment magnitude increases remarkably. 

[0015] Without being made in order that this invention may solve such a trouble, and 
increasing equipment magnitude remarkably, the maximum instantaneous power of an 
OFDM time amount wave is reduced, and it aims at offering the OFDM signal- 
transmission equipment which can mitigate the transmission error at the time of data 
transmission, an OFDM signal receiving set, the mapping approach, and the demapping 
approach by raising transmitted mean power. 



MEANS 



[Means for Solving the Problem] The mapping approach concerning claim 1 of this 
invention is what sets up and maps one of two or more kinds of signal-space arrangement 
for every subcarrier of an OFDM signal to the inputted digital data sequence, and 
acquires a subcarrier signal. The OFDM signal-transmission equipment concerning claim 
4 of this invention A signal-space arrangement quota means used for mapping of each 
subcarrier of an OFDM signal to have two or more kinds of signal-space arrangement as 
signal-space arrangement, and to set up one of two or more kinds of these signal-space 
arrangement for said every subcarrier, A mapping means to map the inputted digital data 
sequence using the signal-space arrangement set up by said signal-space arrangement 
quota means, The demapping approach which possesses a conversion means to change 



the output of said mapping means into an OFDM time amount wave, and starts claim 7 of 
this invention The subcarrier signal mapped by the mapping approach according to claim 
2 After [ said ] more than one carried out the phase revolution according to the phase 
rotation between signal-space arrangement of a class, The demapping approach which 
demaps using the same signal-space arrangement and starts claim 8 of this invention As 
opposed to the OFDM time amount wave acquired from the subcarrier signal mapped by 
the mapping approach according to claim 3 After only the amount of said time amount 
corresponding to [ two or more ] the period of a phase revolution of signal-space 
arrangement of a class shifts said OFDM time amount wave, The OFDM signal receiving 
set which restores said subcarrier signal from said OFDM time amount wave, demaps 
using the same signal-space arrangement, and is applied to claim 9 of this invention The 
subcarrier signal mapped by the mapping approach according to claim 2 Said revolution 
means which carry out a phase revolution according to the phase rotation between signal- 
space arrangement of a class, The OFDM signal receiving set which possesses a 
demapping means to demap the output of said revolution means using the same signal- 
space arrangement, and is applied to claim 10 of this invention The OFDM time amount 
wave acquired from the subcarrier signal mapped by the mapping approach according to 
claim 3 is inputted. A shift means by which only the amount of said time amount 
corresponding to [ two or more ] the period of a phase revolution of signal-space 
arrangement of a class carries out the time amount shift of said OFDM time amount 
wave, An inverse transformation means to change the output of said shift means into a 
subcarrier signal, and a demapping means to demap the output of an inverse 
transformation means using the same signal-space arrangement are provided. 
[0017] In claim 1 of this invention, two or more kinds of signal-space arrangement is set 
up for every subcarrier, and mapping is performed. Thereby, the phase of the subcarrier 
signal generated stops being able to be in agreement easily. 
[001 8] In claim 4 of this invention, a signal-space arrangement quota means sets up 
signal-space arrangement for every subcarrier out of two or more kinds of signal-space 
arrangement. A mapping means maps a digital data sequence using the set-up signal- 
space arrangement. The subcarrier signal which was mapped and was acquired is 
changed into an OFDM time amount wave by the conversion means. Since the phases of 
a subcarrier signal differ for every used signal-space arrangement, the instant maximum 
electric power of an OFDM time amount wave is reduced. 

[0019] In claim 7 of this invention, a phase revolution is carried out according to the 
phase rotation of signal-space arrangement to the subcarrier signal mapped using two or 
more kinds of signal-space arrangement which has the relation of a phase revolution 
before demapping. Thereby, each subcarrier signal will be in the same condition as what 
was mapped using the same signal-space arrangement. Next, demapping is performed 
using the same signal-space arrangement. 

[0020] In claim 8 of this invention, after an OFDM time amount wave is shifted, it is 
changed into a subcarrier signal. Only the amount of time amount corresponding to the 
period of a phase revolution of signal-space arrangement of a shift amount is performed, 
and the acquired subcarrier signal will be in the same condition as what was mapped 
using, the same signal-space arrangement. Next, demapping is performed using the same 
signal-space arrangement. 

[0021] In claim 9 of this invention, a revolution means carries out the phase revolution of 



the subcarrier signal according to the phase rotation between signal-space arrangement. 
Thereby, a subcarrier signal will be in the same condition as what was mapped using the 
same signal-space arrangement. A demapping means demaps a subcarrier signal using the 
same signal-space arrangement. 

[0022] In claim 10 of this invention, an OFDM time amount wave is returned to a 
subcarrier signal by the inverse transformation means, after the time amount shift only of 
the amount of time amount corresponding to the period of a phase revolution of signal- 
space arrangement is carried out by the shift means, Thereby, the output of an inverse 
transformation means will be in the same condition as what was mapped using the same 
signal-space arrangement. In this way, a demapping means demaps using the same 
signal-space arrangement. 
[0023] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained to a detail with reference to a drawing. Drawing 1 is the block diagram 
showing the gestalt of 1 operation of the wafer scanner of the OFDM signal concerning 
this invention. Although the gestalten of this operation are effectively applicable even if 
they are any of a cable or wireless, they show the example applied to the transmission 
system by wireless. 

[0024] In drawing 1 , a digital data sequence is supplied to the mapping section 1 . The 
mapping section 1 maps the inputted digital data sequence as the symbol for example, on 
IQ (two-dimensional) flat surface. In the gestalt of this operation, the mapping section 1 
performs mapping using two or more signal-space arrangement from which arrangement 
of a symbol differs. 

[0025] The mapping section 1 is constituted by the subcarrier mapping section 2 and the 
signal-space arrangement quota section 3. The signal-space arrangement quota section 3 
is equipped with two or more kinds of signal-space arrangement, is a random or 
predetermined regulation and sets up with a change each signal-space arrangement used 
for mapping for every subcarrier. The subcarrier mapping section 2 maps an input digital 
data sequence using the signal-space arrangement set up in the signal-space arrangement 
quota section 3 for every subcarrier of an OFDM signal. 

[0026] A signal point is assigned by the mapping section 1 for every subcarrier of an 
OFDM signal, and the mapping section 1 supplies the value of the assigned signal point 
to the high-speed inverse Fourier transform circuit (henceforth IFFT) 4 as a subcarrier 
signal. IFFT4 carries out high-speed inverse Fourier transform processing of the n 
inputted subcarrier signals, changes them into the complex baseband time amount wave 
(OFDM time amount wave) of an OFDM symbol, and is outputted to the transmitting 
processing section 5. 

[0027] By performing transmitting processing of guard section attached processing for 
absorbing the delay wave component by D/A transform processing and the multi-pass, 
magnification processing of a sending signal, frequency-conversion processing, etc. to 
the generated complex baseband time amount wave, the transmitting processing section 5 
generates a sending signal, and supplies it to an antenna 6. An antenna 6 emits a sending 
signal. 

[0028] Amplitude fluctuation and a maximum amplitude value change with each 
subcarrier signals into which the complex baseband time amount wave of the OFDM 
symbol from IFFT4 is inputted. If it puts in another way, the time amount wave- 



amplitude range of fluctuation of an OFDM symbol is controllable by setting up suitably 
the complex level of each subcarrier signal inputted into IFFT4. 
[0029] In the gestalt of this operation, the signal-space arrangement used for mapping is 
switched from this reason. In addition, if the signal-space arrangement used for every 
subcarrier is clear, the original digital data sequence can be restored in a receiving side. 
[0030] Drawing 2 is an explanatory view for explaining the signal-space arrangement 
which the signal-space arrangement quota section 3 in drawing 1 sets up. Drawing 2 (A) 
shows signal-space arrangement, and drawing 2 (B) shows setting out of the signal-space 
arrangement for every subcarrier. 

[0031] Drawing 2 (A) shows three kinds of signal-space arrangement a, b, and c. The 
phase on I and Q flat surface arranges four signal points in the location of pi / 4 and 3pi / 
4 and 5pi / the same amplitude of 7pi [ 4 and ]/4 [rad], and the signal-space arrangement 
a is signal-space arrangement of QPSK. Moreover, the signal-space arrangement b 
arranges two signal points in the location of pi / phase of 3pi [ 2 and ]/2 [rad], i.e., 
forward [ on a Q-axis ], and the same negative amplitude, and the signal-space 
arrangement c arranges two signal points in the location of the phase of pi and 2pi [rad], 
i.e., forward [ on an I-axis ], and the same negative amplitude. These signal-space 
arrangement b and c is signal-space arrangement of BPSK. 

[0032] The signal-space arrangement b and c has mutually the relation which carried out 
the phase revolution only pi/2. The signal-space arrangement a can assign a 2-bit digital 
data sequence to each signal point, and the signal-space arrangement b and c can all 
assign a 1-bit digital data sequence to each signal point. 

[0033] Drawing 2 (B) shows the assignment of signal-space arrangement to each 
subcarrier. n subcarriers fl Or fn **** - respectively — the signal-space arrangement a, 
b, and b and ~ it is shown that c, a, and c are assigned. Assignment of signal-space 
arrangement may perform regular assignment like random and periodic assignment like 
drawing 2 (B). 

[0034] The signal-space arrangement a, b, and c of drawing 2 is arranged with the phase 
from which each signal point differs mutually. Therefore, when mapped using the signal- 
space arrangement a, b, and c, the phases between each subcarrier signal differ for every 
signal-space arrangement. 

[0035] Next, actuation of the gestalt of the operation constituted in this way is explained. 
[0036] The inputted digital data sequence is supplied to the subcarrier mapping section 2 
of the mapping section 1. Now, it is the subcarrier fl of drawing 2 (B) at predetermined 
timing. Receiving mapping shall be performed. The signal-space arrangement quota 
section 3 is this subcarrier fl. The information for setting up the signal-space 
arrangement a to corresponding timing is outputted to the subcarrier mapping section 2. 
Thereby, the subcarrier mapping section 2 maps the 2-bit digital data sequence of the 
inputted predetermined timing at the signal point that the signal-space arrangement a 
corresponds. 

[0037] The signal-space arrangement quota section 3 sets up the signal-space 
arrangement b of drawing 2 (A) to the 1-bit digital data sequence as follows. Thereby, the 
subcarrier mapping section 2 maps this 1-bit digital data sequence at the signal point that 
the signal-space arrangement b corresponds, and is a subcarrier f2. It outputs as a 
subcarrier signal. 

[0038] Henceforth, the same actuation is repeated and signal point mapping using the 



signal-space arrangement which the signal-space arrangement quota section 3 set up is 
performed. The subcarrier fl thru/or fn shown in drawing 2 (B) Each corresponding 
subcarrier signal is supplied to IFFT4. IFFT4 performs high-speed inverse Fourier 
transform processing to n subcarrier signals, and acquires the complex baseband time 
amount wave of an OFDM symbol. 

[0039] Also when the instant maximum electric power of an OFDM time amount wave 
serves as max when all the subcarrier signals that constitute an OFDM time amount wave 
become in phase, and many subcarrier signals become in phase, instant maximum electric 
power becomes very large. On the other hand, the signal-space arrangement a, b, and c 
used for mapping is the subcarriers fl which constitute an OFDM time amount wave 
since the phases of a signal point differ mutually. Or fn No phase of subcarrier signals is 
in agreement. Therefore, possibility that each subcarrier component of an OFDM time 
amount wave obtained by IFFT processing will become in phase altogether at this time of 
day decreases, and it becomes possible to reduce the instant maximum electric power of 
an OFDM time amount wave. 

[0040] The OFDM time amount wave from IFFT4 is transmitted from an antenna 6, after 
transmitting processing of guard section attached processing for absorbing the delay 
wave component by D/A transform processing and the multi-pass by the transmitting 
processing section 5, magnification processing of a sending signal, frequency-conversion 
processing, etc. is performed. 

[0041] Thus, in the gestalt of this operation, it is mapping by switching signal-space 
arrangement for every subcarrier, and the maximum instantaneous power of an OFDM 
time amount wave is remarkably reduced as compared with the case where all subcarrier 
signals are mapped by the same signal-space arrangement. Since all the phases of a signal 
point differ when signal-space arrangement of drawing 2 (A) is adopted especially, the 
phases of each subcarrier signal differ for every signal-space arrangement, possibility that 
each subcarrier component of an OFDM time amount wave will become in phase at this 
time of day decreases extremely, and the reduction effectiveness of maximum amplitude 
is large. Thereby, without increasing equipment magnitude remarkably, the maximum 
instantaneous power of an OFDM time amount wave is reduced, and it becomes possible 
by raising transmitted mean power to mitigate the transmission error at the time of data 
transmission. 

[0042] In addition, it may be [ the mapping rule which matches each signal point and 
digital data sequence of signal-space arrangement ] the same between [ each ] signal- 
space arrangement, and there may be two or more kinds between [ each ] signal-space 
arrangement. 

[0043] Drawing 3 is an explanatory view for explaining the mapping approach 
concerning the gestalt of 1 operation of this invention. Drawing 3 (A) shows the signal- 
space arrangement adopted as mapping, and drawing 3 (B) shows setting out of the 
signal-space arrangement for every subcarrier. 

[0044] Drawing 3 (A) shows two kinds of signal-space arrangement a and d. The signal- 
space arrangement a is signal-space arrangement of QPSK as well as the signal-space 
arrangement a of drawing 2 (A). The signal-space arrangement d rotates [ include angle / 
phi ] the signal-space arrangement a. 

[0045] Next, an operation of the mapping approach constituted in this way is explained. 
[0046] The mapping approach of the gestalt this operation is realizable with the mapping 



section 1 of drawing 1 . Also in the gestalt of this operation, the signal-space arrangement 
a and d is suitably chosen for every subcarrier, and the digital data sequence of 2 bitwises 
is mapped at the signal point of the signal-space arrangement a and d. In this way, the 
high-speed inverse Fourier transform of the n mapped subcarrier signals is carried out, 
and an OFDM time amount wave is acquired. 

[0047] As for each signal points of all, the phase of. the subcarrier signal generated using 
the signal-space arrangement a since the phase was mutually different, and the phase of 
signal-space arrangement a and d of a subcarrier signal generated using the signal-space 
arrangement b do not correspond. 

[0048] Thus, also in the gestalt of this operation, signal-space arrangement is suitably set 
up for every subcarrier at the time of mapping of an OFDM signal. Signal-space 
arrangement has mutually the relation which carried out the phase revolution, and since 
the phases of the subcarrier signal generated differ for every signal-space arrangement, 
the instant maximum electric power of an OFDM time amount wave can be reduced. 
[0049] Drawing 4 is the block diagram showing the gestalt of other operations of this 
invention. In drawing 4 , the same sign is given to the same component as drawing 1 , 
and explanation is omitted. 

[0050] In the gestalt of operation of drawing 3 , the prepared signal-space arrangement 
had the relation of a phase revolution mutually. Mapping by such signal-space 
arrangement is realizable from the mapping section 1 with the mapping section of an easy 
configuration using carrying out the phase revolution, although it is realizable with the 
mapping section 1 of drawing 1 . The gestalt of this operation is the example which 
adopted the mapping section of such an easy configuration. 

[0051] A digital data sequence is inputted into the mapping section 11. The mapping 
section 1 1 is constituted by the subcarrier mapping section 12 and the phase revolution 
section 13. Predetermined signal- space arrangement is used for the subcarrier mapping 
section 12, it carries out sequential mapping of the inputted digital data sequence, and 
outputs a subcarrier signal. That is, one kind of signal-space arrangement is used for the 
subcarrier mapping section 12. 

[0052] The output of the subcarrier mapping section 12 is supplied to the phase 
revolution section 13. The phase revolution section 13 outputs the inputted subcarrier 
signal as it is, or only phi carries out a phase revolution and it outputs it as a subcarrier 
signal. 

[0053] Drawing 5 is the block diagram showing the concrete configuration of the phase 
revolution section 13 in drawing 4 . 

[0054] The phase revolution section 13 is constituted by the revolution signal generation 
section 9 and the multiplier 10. The revolution signal generation section 9 generates a 
revolution signal (jthetai of e **) ( drawing 3 (A) thetai =phi), and outputs it to a 
multiplier 10. The output of the subcarrier mapping section 12 is given to the multiplier 
10, and a multiplier 10 makes it rotate the inputted subcarrier signal by carrying out the 
multiplication of the output and revolution signal of the subcarrier mapping section 12. A 
multiplier 10 is outputted to IFFT4 by making a multiplication result into a subcarrier 
signal. 

[0055] Other configurations are the same as that of the gestalt of operation of drawing 1 . 
[0056] Next, actuation of the gestalt of the operation constituted in this way is explained. 
[0057] As signal-space arrangement, the signal-space arrangement a and d shown in 



drawing 3 (A) shall be adopted, and signal-space arrangement shown in drawing 3 (B) 
shall be set up. The inputted digital data sequence is supplied to the subcarrier mapping 
section 12 of the mapping section 1 . Now, it is the subcarrier fl of drawing 3 (B) at 
predetermined timing. Receiving mapping shall be performed. The subcarrier mapping 
section 12 maps the inputted 2-bit digital data sequence at the signal point of the signal- 
space arrangement a of drawing 3 (A). In this case, the output of the subcarrier mapping 
section 12 is supplied to IFFT4 as it is through the phase revolution section 13. 
[0058] Next, after the 2-bit digital data sequence inputted into the subcarrier mapping 
section 12 is mapped by the signal point of the signal-space arrangement a of drawing 3 
(A), it is supplied to the phase revolution section 13 by the subcarrier mapping section 
12. 

[0059] The revolution signal generation section 9 of the phase revolution section 13 
generates a revolution signal, and supplies it to the multiplier 10. A multiplier 10 carries 
out the multiplication of the output and revolution signal of the subcarrier mapping 
section 12. Thereby, the output of the subcarrier mapping section 12 rotates only an 
include angle phi, and is outputted to IFFT4 from the phase revolution section 13. 
[0060] Next, the output of the subcarrier mapping section 12 rotates only an include 
angle phi in the phase revolution section 13 also about the inputted 2-bit digital data 
sequence. Similarly hereafter, as shown in drawing 3 (b), the subcarrier signal by which 
the existence of a phase revolution was controlled for every subcarrier is acquired. 
[0061] Other operations are the same as that of the gestalt of operation of drawing 1 . 
[0062] Thus, also in the gestalt of this operation, the same effectiveness as the gestalt of 
operation of drawing 1 can be acquired. Furthermore, in the gestalt of this operation, 
since the mapping section 1 1 does not need to prepare two or more signal-space 
arrangement unlike the gestalt of operation of drawing 1 and each subcarrier signal can 
be mapped using single signal-space arrangement, there is an advantage that an 
equipment configuration can be made easy compared with the equipment of drawing 1 . 
[0063] In addition, although drawing 3 explained the example which adopted the signal- 
space arrangement which is two kinds whose phase rotations are 0 or phi, it is distinct by 
preparing various phase rotations and adopting many kinds of signal-space arrangement 
that the reduction effectiveness of the instant maximum electric power of an OFDM time 
amount wave improves further. 

[0064] For example, when the gestalt of operation of drawing 4 is made to correspond to 
drawing 3 , it is phase rotation thetai of the revolution signal generation section 9 of 
drawing 5 . It is fixed. On the other hand, the revolution signal of the revolution signal 
generation section 9 may be changed for every subcarrier. A phase rotation is changed for 
every subcarrier and it is the i-th subcarrier signal fi. It is thetai about a phase rotation. It 
can carry out. Thereby still finer control is attained. 

[0065] In addition, if this expression approach is made to correspond to drawing 3 , they 
are the phase rotation theta 1 , --, thetan-2, and thetan. It is 0 and is the phase rotation 
theta 2, theta 3, --, thetan- 1 . It is phi. 

[0066] Drawing 6 is the explanatory view showing the gestalt of other operations of this 
invention. 

[0067] Drawing 6 (A) shows the signal-space arrangement adopted in the mapping 
approach in the gestalt of this operation, and drawing 6 (B) shows setting out of the 
signal-space arrangement for every subcarrier. Drawing 6 (A) is four kinds of signal- 



space arrangement CI, C2, C3, and CO. It is shown. Signal-space arrangement CI It is 
signal-space arrangement of QPSK as well as the signal-space arrangement a of drawing 
2 (A). The signal-space arrangement C2, C3, and CO They are the signal-space 
arrangement CI, C2, and C3, respectively. Only an include angle phi is rotated in the 
same direction. In addition, drawing 6 (A) shows the example of phi=pi/8. In this case, 
signal-space arrangement CO When it is made to rotate pi/8 further, it is the signal-space 
arrangement C 1. It is in agreement. 

[0068] Next, an operation of the mapping approach constituted in this way is explained. 
[0069] The mapping approach of the gestalt this operation is realizable with the mapping 
section 1 1 of drawing 4 . It also sets in the gestalt of this operation and they are the 
signal-space arrangement CI, C2, C3, and CO for every subcarrier. It chooses suitably 
and the digital data sequence of 2 bitwises is mapped as the symbol of these signal-space 
arrangement. In this way, the high-speed inverse Fourier transform of the n mapped 
subcarrier signals is carried out, and an OFDM time amount wave is acquired. 
[0070] The signal-space arrangement CI, C2, C3, and CO The phase is rotating every [ 8 / 
pi/] in this order, respectively, and, as for all of each symbol of these signal-space 
arrangement, the phase is mutually different. Therefore, the signal-space arrangement CI, 
C2, C3, and CO The phase of the subcarrier signal used and generated is not in 
agreement. 

[0071] Thus, also in the gestalt of this operation, signal-space arrangement is suitably set 
up for every subcarrier at the time of mapping of an OFDM signal. Signal-space 
arrangement has mutually the relation which carried out the phase revolution, and since 
the phases of the subcarrier signal generated differ for every signal-space arrangement, 
the instant maximum electric power of an OFDM time amount wave can be reduced. 
[0072] And for example, they are the signal-space arrangement CI, C2, C3, and CO to the 
subcarrier which continues in the gestalt of this operation. It maps by carrying out 
sequential setting out at this order. That is, signal-space arrangement is set to an adjoining 
subcarrier so that the phase contrast and the phase hand of cut of signal-space 
arrangement may become fixed. 

[0073] Drawing 6 (B) shows this condition, it is shown in drawing 6 (B) - as - 
subcarrier fl **** -- signal-space arrangement CI used mapping - carrying out - the 
following subcarrier f2 **** - signal-space arrangement C2 Used mapping is performed, 
the same ~ carrying out - subcarriers G and f4 **** - respectively — the signal-space 
arrangement C3 and CO used mapping ~ carrying out ~ the following subcarrier f5 
receiving -- again - signal-space arrangement CI It uses. 
[0074] Thus, the i-th subcarrier fi By receiving and assigning the signal-space 
arrangement Cmod (i, 4), it can set up so that the adjoining phase contrast and the 
adjoining phase hand of cut of signal-space arrangement of a subcarrier may become 
fixed. However, mod (x y) is a function showing the remainder of x to y. 
[0075] Therefore, in the mapping section, when the mapping approach in the gestalt of 
this operation is adopted, the configuration of equipment can be made easy that what is 
necessary is just to rotate signal-space arrangement so that the same phase contrast and a 
phase hand of cut may be given. Furthermore, when signal-space arrangement is 
controlled for every subcarrier, a receiving side needs to grasp what kind of signal-space 
arrangement was used at the time of transmission. However, signal-space arrangement 
can be demapped in the example of drawing 6 , without [ since it changes to the same 



phase and the same hand of cut to what was used for the adjoining subcarrier, without it 
transmits the information about signal-space arrangement that it used for every 
subcarrier, and ] memorizing the information about signal-space arrangement beforehand 
in a receiving side. 

[0076] By the way, the signal-space arrangement CI which the phase rotated every [ 8 / 
pi/] in drawing 6 , C2, C3, and CO Although used, in between [ each ] signal-space 
arrangement, the mapping rule which assigns a digital data sequence to a signal point 
may be the same, and may differ. 

[0077] For example, the mapping rule of an adjoining subcarrier shall rotate every [ 8 / 
pi/] in the hand of cut and this direction of signal-space arrangement. Although signal- 
space arrangement of the i-th subcarrier and signal-space arrangement of a ** (i+4n) (n is 
integer) subcarrier will become the same if it does so, the mapping rule of signal-space 
arrangement of a ** (i+4) subcarrier rotated the mapping rule of signal-space 
arrangement of the i-th subcarrier pi/2. 

[0078] If this mapping rule is used, the mapping rule of signal-space arrangement of the 
i-th subcarrier and a ** (i+16n) subcarrier will become equal. 

[0079] By such mapping approach, all subcarriers can generate the i-th subcarrier signal 
by rotating the signal which was mapped with the same signal-space arrangement and a 
mapping rule, and was once mapped pii/8. 

[0080] Therefore, since the revolution signal which the revolution signal generation 
section 9 in drawing 5 generates is set to pii/8, setting out of the revolution signal of the 
revolution signal generation section becomes easy. [0081] Thus, it can demap in the 
gestalt of this operation, without [ since the phase contrast and the hand of cut of signal- 
space arrangement are fixed between adjoining subcarriers while being able to acquire 
the same effectiveness as the gestalt of operation of drawing 1 , without it transmits the 
information about signal-space arrangement, and ] memorizing the information about 
signal-space arrangement by the receiving side. And since phase contrast and the hand of 
cut are fixed, the signal-space arrangement to set up can make equipment easy. 
[0082] Drawing 7 is the block diagram showing the gestalt of other operations of this 
invention. The gestalt of this operation shows the OFDM receiving set which returns the 
signal which was mapped by the mapping approach of drawing 3 or drawing 6 , and was 
changed into the OFDM time amount wave to the original digital data sequence. 
[0083] The OFDM time amount wave received with the antenna 21 is supplied to the 
reception section 22. The reception section 22 performs predetermined receptions, such 
as frequency-conversion processing and A/D-conversion processing, to the inputted 
OFDM time amount wave. The OFDM time amount wave has the guard section other 
than the effective symbol section. The reception section 22 sets up the section (usually 
effective symbol section) supplied to the fast-Fourier-transform section (henceforth FFT) 
23 among the received OFDM time amount waves. 

[0084] FFT23 carries out the fast Fourier transform of the OFDM time amount wave of 
the section set up in the reception section 22, and generates a receiving subcarrier signal. 
The output of FFT23 is given to the demapping section 24. 

[0085] The demapping section 24 is constituted by the revolution signal generation 
section 25, a multiplier 26, and the subcarrier demapping section 27. The revolution 
signal generation section 25 generates ** (- jthetai) of the revolution signal e for giving 
the phase revolution according to the phase revolution between the subcarriers in a 



transmitting side, and supplies it to a multiplier 16. 

[0086] A multiplier 16 carries out the phase revolution of the subcarrier signal inputted 
by carrying out the multiplication of a subcarrier signal and the revolution signal, is 
changed by this into the same condition as the case where each subcarrier signal is 
mapped using the same signal-space arrangement, and is outputted to the subcarrier 
demapping section 27. The subcarrier demapping section 27 demaps the inputted 
subcarrier signal using the same signal-space arrangement, and acquires the original 
digital data sequence. 

[0087] Next, actuation of the gestalt of the operation constituted in this way is explained. 
[0088] Predetermined receptions, such as frequency conversion processing and A/D- 
conversion processing, are performed by the reception section 22, and, as for the OFDM 
time amount wave received with the antenna 21, the signal of the effective symbol 
section is further supplied to FFT23. FFT23 carries out the fast Fourier transform of the 
inputted signal, and acquires a subcarrier signal. 

[0089] When it maps in a transmitting side like the gestalt of operation of drawing 3 or 
drawing 6 using two or more signal-space arrangement which has the relation of a phase 
revolution mutually, each receiving subcarrier signal after a fast Fourier transform can be 
changed into the condition are mapped by the same signal-space arrangement when only 
the same phase rotation carries out a phase revolution due to phase reverse, and the same 
condition, with the relation at the time of transmission. 

[0090] namely, the signal-space arrangement set as each subcarrier in the transmitting 
side — thetai only — the case where it is rotating — the subcarrier signal after a fast 
Fourier transform -thetai only, by making it rotate, it can change into the condition of 
having mapped using the same signal-space arrangement. 

[0091] The revolution signal generation section 25 outputs the revolution signal for 
giving the revolution of signal-space arrangement of a transmitting side, and a revolution 
of hard flow. By carrying out the multiplication of the revolution signal to a subcarrier 
signal from FFT23, a multiplier is changed into the condition of having mapped using the 
same signal-space arrangement. The subcarrier demapping section 27 demaps the output 
of a multiplier 16, and acquires the original digital data sequence. 
[0092] Thus, in the gestalt of this operation, in the transmitting side, when mapping is 
performed using two or more signal-space arrangement which has the relation of a phase 
revolution mutually, it makes it possible to demap all receiving subcarrier signals using 
the same signal-space arrangement by carrying out the phase revolution of the subcarrier 
signal which received and obtained only the phase rotation of the signal-space 
arrangement used by the transmitting side beforehand in an opposite direction. Thereby, 
it is not necessary to memorize the signal-space arrangement used by the transmitting 
side, and the configuration of equipment can be made easy in a receiving side. 
[0093] In addition, when a transmitting side adopts the mapping approach of drawing 6 , 
the revolution signal generation section 25 of output [ only the phase rotation at the time 
of mapping / to an opposite direction / the revolution signal which carries out a phase 
revolution ] is clear. 

[0094] Drawing 8 is the block diagram showing the gestalt of other operations of this 
invention. In drawing 8 , the same sign is given to the same component as drawing 7 , 
and explanation is omitted. 

[0095] The gestalt of this operation shows the OFDM receiving set which returns the 



signal which was mapped by the mapping approach of drawing 6 and changed into the 
OFDM time amount wave to the original digital data sequence. 
[0096] The gestalt of this operation is replaced with the demapping section 24, and the 
point which adopted the demapping section 28 differs from the gestalt of operation of 
drawing 7 . The demapping section 28 is constituted by the FFT section shift section 29 
and the subcarrier demapping section 27. 

[0097] An OFDM time amount wave is supplied from the reception section 22, and the 
FFT section shift section 29 shifts a subcarrier signal within the limits of the guard 
section, and is supplied to FFT23. The output of FFT23 is supplied to the subcarrier 
demapping section 27. 

[0098] The guard section is added to the OFDM time amount wave. The guard section 
copies the head part of an OFDM time amount wave, and an OFDM time amount wave 
has a continuity in the effective section and the guard section. Therefore, when the time 
amount shift of the fast-Fourier-transform section (FFT section) is carried out within the 
section of this effective section and the guard section, a fast-Fourier-transform result 
becomes what carried out the phase revolution according to the shift amount. 
[0099] That is, the FFT section shift section 29 enables demapping by the same signal- 
space arrangement, when only the amount of time amount corresponding to the period of 
a phase revolution of a subcarrier signal shifts the Fourier transform section of an OFDM 
time amount wave beforehand. Specifically, only the amount of time amount from which 
the FFT section shift section 29 is obtained as the inverse number of {(subcarrier number 
until signal-space arrangement of a subcarrier rotates one time) x subcarrier spacing} 
shifts an OFDM time amount wave. 

[0100] Next, actuation of the gestalt of the operation constituted in this way is explained. 
[0101] The OFDM time amount wave received by the antenna 21 is supplied to FFT23, 
after the section which carries out a fast Fourier transform by the FFT section shift 
section 29 is shifted, the phase revolution period of a now and subcarrier signal — fr if it 
shall be [Hz] - the FFT section shift section 29 ~ 1/fr only - the FFT section of an 
OFDM time amount wave is shifted. 

[0102] For example, frequency spacing of a subcarrier signal is set to deltaf, and the 
phase rotation between subcarriers is set to phi [rad]. If it does so, it is the phase 
revolution period fr between subcarriers. It becomes fr =2 pideltaf/phi. Therefore, the 
FFT section shift section 29 shifts an OFDM time amount wave only for phi/2 pideltaf in 
this case. Like drawing 6 , when phi is pi/8, only l/16deltaf shift an OFDM time amount 
wave, and supply the FFT section shift section 29 to FFT23. 

[0103] If it does so, the output of FFT23 will become that to which the phase rotated only 
pik / 8 by the subcarrier of a frequency kdeltaf as compared with the case where it is not 
made to shift. The output of FFT23 is supplied and demapped into the subcarrier 
demapping section 27. Since the FFT section is shifted according to the phase rotation at 
the time of transmission, the output of FFT23 becomes the same thing as the condition of 
having been mapped using the same signal-space arrangement. Thereby, demapping 
which used the same signal-space arrangement is possible for the subcarrier demapping 
section 27. 

[0104] Thus, in the gestalt of this operation, when each of signal-space arrangement used 
for the adjoining subcarrier and mapping rules rotates only a fixed phase rotation in the 
fixed direction, and only the amount of time amount obtained as the inverse number of 



the period of a phase revolution shifts the Fourier transform section of a receiving OFDM 
time amount wave beforehand, demapping of all subcarrier signals is attained using the 
same signal-space arrangement, and an equipment configuration becomes easy. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing the gestalt of 1 operation of the OFDM signal- 
transmission equipment concerning this invention. 

[Drawing 2] The explanatory view for explaining the mapping approach in the gestalt of 
operation of drawing 1 . 

[Drawing 3] The explanatory view showing the gestalt of other operations of this 
invention. 

[Drawing 4] The block diagram showing the gestalt of other operations of this invention. 
[Drawing 5] The block diagram showing the concrete configuration of the phase 
revolution section 13 in drawing 4 . 

[Drawing 6] The explanatory view showing the gestalt of other operations of this 
invention. 

[Drawing 7] The block diagram showing the gestalt of other operations of this invention. 
[Drawing 8] The block diagram showing the gestalt of other operations of this invention. 
[Description of Notations] 

1 [ — IFFT, 5 / Transmitting processing section ] - The mapping section, 2 — The 
subcarrier mapping section, 3 ~ The signal-space arrangement quota section, 4 
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